Metastases are the major cause of cancer-related deaths, but the mechanisms of the metastatic process remain poorly understood. In recent years, the involvement of microRNAs (miRNAs) in cancer has become apparent, and the objective of this study was to identify miRNAs associated with breast cancer progression. Global miRNA expression profiling was performed on 47 tumor samples from 14 patients with paired samples from primary breast tumors and corresponding lymph node and distant metastases using LNA-enhanced miRNA microarrays. The identified miRNA expression alterations were validated by real-time PCR, and tissue distribution of the miRNAs was visualized by in situ hybridization. The patients, in which the miRNA profile of the primary tumor and corresponding distant metastasis clustered in the unsupervised cluster analysis, showed significantly shorter intervals between the diagnosis of the primary tumor and distant metastasis (median 1.6 years) compared to those that did not cluster (median 11.3 years) (p \ 0.003). Fifteen miRNAs were identified that were significantly differentially expressed between primary tumors and corresponding distant metastases, including miR-9, miR-219-5p and four of the five members of the miR-200 family involved in epithelialmesenchymal transition. Tumor expression of miR-9 and miR-200b were confirmed using in situ hybridization, which also verified higher expression of these miRNAs in the distant metastases versus corresponding primary tumors. Our results demonstrate alterations in miRNA expression at different stages of disease progression in breast cancer, and suggest a direct involvement of the miR-200 family and miR-9 in the metastatic process.
Introduction
Breast cancer is one of the leading causes of cancer deaths worldwide and the most common cancer among women [1] . The mortality of breast cancer is primarily caused by metastatic spread to distant organs, rendering the ability to predict, detect, and eliminate metastases one of the most important challenges in breast cancer treatment. Metastases are established through a complex multistep process for which the molecular and regulatory mechanisms are not fully elucidated.
MicroRNAs (miRNAs) are short non-coding singlestranded RNA molecules of approximately 22 nucleotides in length that bind to complementary sequences on target messenger RNA transcripts (mRNAs), usually resulting in translational repression and gene silencing [2] . miRNAs regulate various biological functions in the normal cell, such as cell growth, differentiation, and apoptosis, and they also play critical roles in diseases, including cancer [3] . A single miRNA has the potential to regulate expression of many different target genes, making miRNAs promising therapeutic targets [4] . Several studies have reported amplification or loss of miRNAs in cancer tissue compared to normal, suggesting that miRNAs can function as either ''oncogenes'' or ''tumor suppressor genes'' in cancer development [5] . miRNA expression has also been correlated to cancer outcome, making miRNAs promising prognostic markers as well [6] . Furthermore, miRNA expression profiling has been proposed as a strategy to classify tumors of unknown origin, e.g., Lu et al. [6] developed a miRNA classifier based on 217 miRNAs that correctly classified the origin of the majority of poorly differentiated cancers, while a mRNA-based classifier was not able to do so. Newer miRNA classifiers of cancer of unknown origin has also been developed based on less than 50 miRNAs [7, 8] .
The role of miRNAs in the development of metastasis in breast cancer is just beginning to be explored, and analyses have primarily been performed on cell lines and by comparison of primary breast cancers with subsequent disease recurrence or the lack thereof. A few miRNAs, such as miR-31 [9] and miR-335 [10] have been identified to be anti-metastatic, while miR-21 [11] , miR-373 [12] , and miR-520c [12] have been found to be pro-metastatic.
The miR-200 family, which consists of the 5 miRNAs, miR-200a, miR-200b, miR-200c, miR-141, and miR-429, is a group of miRNAs that has been related to disease progression in breast cancer and other types of cancers. These miRNAs cluster on two different chromosomes and are divided into two subgroups by a single nucleotide difference in the seed region [13, 14] . The miR-200 family has been shown to inhibit the epithelial-to-mesenchymal transition (EMT), suggested to be important for one of the initial steps in the metastatic spread of cancer cells [15] [16] [17] (reviewed in [18] ). During EMT, cells downregulate the cell-cell adhesion molecule E-cadherin, and the miR-200 family has been shown to inhibit the E-cadherin transcriptional repressors ZEB1 and ZEB2 (Zinc finger E-boxbinding homeobox), thereby inducing up-regulation of E-cadherin and EMT inhibition [15, 16, 19] . The miR-200 family therefore suppresses migration, and has been found to be down-regulated during EMT [16, 19] . The reversal of EMT, mesenchymal-to-epithelial transition (MET), is considered to be critical for the late stages of the metastatic process, enabling the tumor cells to colonize and grow at distant sites (reviewed in [20] ). This suggests that the dynamic ability first to undergo EMT and subsequently MET is an important feature of metastatic cells.
miR-9 has also recently been shown to be associated with metastasis formation in several cancer types, such as breast, colon, ovarian, cervix, liver, and gastric cancer [21] [22] [23] [24] [25] . Recent studies have shown that miR-9 promotes metastasis formation [21, 22, 25] , however, in contrast, other studies have suggested that increased expression of miR-9 suppresses metastasis formation [23, 24] and that miR-9 inhibits tumor growth through inhibition of NFkappa B1 [26, 27] . Therefore, miR-9 might have different functions in different cancers.
In this study, we compared global miRNA expression in primary breast cancers with the corresponding local lymph node metastasis and distant metastasis to delineate the changes in miRNA expression in the process of spreading from the primary tumor to distant sites. We identified 15 miRNAs that exhibited significantly altered expression between the primary breast cancer tumor and distant metastasis, and selected miRNAs were further analyzed by quantitative real-time PCR and their expression pattern visualized by in situ hybridization.
Materials and methods

Patients and tissues
Breast cancer patients from whom both the primary and metastatic tumors in either the brain or liver were available as formalin-fixed, paraffin-embedded (FFPE) tissue blocks were identified. When lymph node metastases were available, these tissues were also retrieved. All primary tumors were invasive ductal carcinomas and all samples had been formalin-fixed using the same standard procedure during the entire period of sample collection. The interval between diagnosis of the primary tumor and metastasis varied from 0 to 26.8 years (median 8.1 years). Pathology records were reviewed for each patient and 4 lm sections were cut from each tissue block and stained with hematoxylin and eosin (H&E). The slides were examined by a pathologist to select representative tumor foci and to determine the percentage of tumor content. The blocks containing the highest content of tumor tissue were chosen to a total of 47 that all included tumor tissues with more than 50% cancer cells except three that contained between 35 and 45%. In addition, cores (3 mm) of morphologically normal tissue of breast, lymph node, skin, ovary, and brain, respectively, were extracted from 10 of the tissue blocks of the surgical cancer specimens to be used as controls. The cores were cut into small pieces with a scalpel and used for RNA purification. Pathology and clinical data for each of the patients were obtained from the Pathology Data Bank and the Danish Breast Cancer Cooperative Group (DBCG) databases. The project was approved by the Ethics committee for the Southern Region of Denmark (S-20070061) and the Danish Data Protection Agency (2007-54-0094). Additional patient information is available at Supplemental Materials and methods.
Details of applied methodologies are available at Supplemental Materials and methods. In brief, total RNA was isolated from 5 9 10 lm FFPE tissue using the High Pure miRNA Isolation kit (Roche Applied Science, Indianapolis, IN) and used for miRNA expression profiling using the miRCURY LNA microRNA Arrays version 11.0 Extended Version (Exiqon, Vedbaek, DK). miRNA microarray results were analyzed using an ANOVA statistical test, followed by a post hoc analysis to identify significant differences between tumor sites (p \ 0.1). Differences between primary tumors and metastases were analyzed using a Wilcoxon paired sample test (p \ 0.01) with Benjamini-Hochberg False Discovery Rate (BH-FDR) correction. The real-time PCR results were analyzed using Student's t test (p \ 0.05).
Results
miRNAs differentially expressed in primary breast cancer versus corresponding distant metastasis as identified by global LNA-based miRNA microarray analysis
To compare the miRNA expression profiles of primary tumors and corresponding distant metastasis, 14 breast cancer patients from whom both the primary tumor and distant metastasis to either liver (n = 5) or brain (n = 9) were available, were identified. Ten of the patients also had lymph node metastases, which were also analyzed (Table  S1 ). For five of the patients, two tissue samples from the primary breast cancer or brain metastasis were analyzed, and for three patients additional metastases other than lymph node, liver or brain were also analyzed (Table S1 ). Clinical data for the included breast cancer patients are listed in Table 1 , as well as the estrogen receptor (ER), progesterone receptor (PgR), and human epidermal growth factor receptor 2 (HER2) status (Table 1) . Interestingly, the ER and PgR status of the primary tumors and the distant metastasis was not always identical at the two locations.
Global miRNA expression profiling was performed on a total of 57 samples using the miRCURY LNA TM microRNA Array v. 11.0 Extended Version. Raw data has been deposited in the Gene Expression Omnibus (GEO) database with accession number GPL13703. A principal component analysis of the samples and the common reference channels showed only small variances between the common reference channels, indicating that the observed variances of the tissue samples were likely related to biological differences between the tumor samples and not technical variances ( Supplementary Fig. S1 ). When only the tissue samples were included in the principal component analysis, it was found that the three RNA samples from patient 7 were distinctively different from the other samples. This patient also differed from the others by having an ER-primary tumor. The principal component analysis also showed that four of the included normal tissues also differed from the rest of the samples ( Supplementary Fig. S2 ).
An unsupervised cluster analysis of all cancer samples did not readily separate the samples into groups based on being either primary tumors or distant metastases, but for five of the patients, the primary tumor and corresponding distant metastasis clustered together (Pearson correlation C0. 25) , indicating that these tissues had very similar miRNA expression, as was not the case for the remaining nine patients ( Fig. 1a ). Seven of 10 lymph node metastasis clustered with their corresponding primary tumor. Interestingly, it was observed that the median interval between the diagnosis of the primary tumor and detection of the distant metastasis was only 1.6 years (range 0-4.8 years) for patients, where the primary tumor and corresponding metastasis clustered together, while it was 11.3 years (range 2.2-26.8 years) for patients where the primary tumor and corresponding metastasis did not cluster (p \ 0.003), indicating a correlation between the extent of miRNA similarity between the primary tumor and the corresponding metastasis and time to distant recurrence.
To identify miRNA differences dependent on the localization of the tumors, an ANOVA followed by a Post Hoc analysis was applied (p \ 0.1). A one-way ANOVA with cancer localization as a factor was performed, and the pair-wise comparison of significant miRNAs between all locations was conducted using a Student-Newman-Keuls Post Hoc test ( Table 2 ). This analysis identified 122 miR-NAs that exhibited significantly altered expression between tumor locations. More miRNAs exhibited altered expression between the primary breast tumors and the distant metastases (liver or brain) than between the primary tumor and lymph node metastasis ( Table 2 ). There were also fewer miRNAs exhibiting altered expression between the liver and brain metastases than between the lymph node and liver/brain metastases ( Table 2) .
When applying the identified differentially-expressed miRNAs in a hierarchical cluster analysis, brain and liver metastasis could be distinguished from lymph nodes and primary breast cancers with very few exceptions (Fig. 1b ). The clustering also showed that duplicate samples from the same patient and same site were highly similar, and therefore the data from duplicate samples were pooled. A new ANOVA analysis with additional Post Hoc test was performed with the pooled duplicate samples, again with localization of the tumors as factor. This resulted in 74 miRNAs that were significantly differentially expressed (p \ 0.1) between the localizations of cancer, of which 68 were the same as seen in the equivalent ANOVA without pooled duplicates. A hierarchical clustering based on these miRNAs also separated the distant metastasis from the lymph nodes and primary tumors ( Supplementary Fig. S3 ).
To determine whether the miRNAs that differed in the primary breast tumors versus brain metastases were tissuespecific, and thus reflected the surrounding non-malignant tissue rather than the metastases, miRNA expression in two adjacent normal brain tissues was correlated to that of all brain metastases ( Supplementary Fig. S4 ). miRNA expression in the primary tumor was further subtracted to eliminate patient-specific miRNAs. This correlation scatter plot showed that many of the miRNAs up-regulated in the brain metastasis were also up-regulated in the normal tissue, suggesting that these miRNAs could be tissue-specific and related to the surrounding brain tissue. However, it has to be kept in mind that this ''normal tissue'' was located adjacent to the metastases and therefore might not represent true normal tissue. A few miRNAs exhibited clear expression differences between brain metastasis and normal brain tissue ( Supplementary Fig. S4 ).
To identify the specific miRNAs differentially expressed between primary breast cancer and distant metastasis, three different criterions were chosen. A non-parametric Wilcoxon paired sample test (p \ 0.01) with Benjamini-Hochberg False Discovery Rate (FDR) correction [28] identified 89 miRNAs that exhibited significantly altered expression between the primary breast cancers and corresponding distant metastasis. The second criteria was a variance cut-off of 0.3, and the third criteria was a twofold up-or down-regulation between the primary tumor and metastasis in more than one patient. As the lymph node metastases were observed to be very similar to the breast cancer tumors in both the unsupervised cluster analysis and the ANOVA analysis, lymph node metastases were not included.
A total of 15 miRNAs that fulfilled all three analysis criteria were identified. Thirteen of these miRNAs had higher expression in the metastases compared to the primary tumors and included four members of the miR-200 family: hsa-miR-200a, hsa-miR-200b, hsa-miR-200c, and hsa-miR-141. Hsa-miR-9, hsa-miR-219-5p, hsa-miR-1274a (now a ER Estrogen receptor, PgR Progesteron receptor a When C1% of the tumor cells expressed ER determined by immunohistochemical (IHC) analysis the tumors were termed ER-positive tRNA [29] ), hsa-miRPlus-E1136, hsa-miRPlus-E1088, hsa-miR-525-pre, hsa-miRPlus-G1248-5p, hsa-miRPlus-G1307-pre, and hsa-miRPlus-G1249-5p were also more highly expressed in the metastases compared to the primary breast cancer tumors, while hsa-miR-202 and hsa-miRPlus-E1133 had lower expression. The log2 ratio of miR-200b, miR-141, miR-9, and miR-219-5p in the metastasis versus primary tumor is shown for each patient in Fig. 2A . a Unsupervised clustering of the 57 samples based on global miRNA expression analysis including primary tumors, lymph node, and distant metastasis, and morphologically normal tissues from breast cancer patients. For the sample names, the initial number denotes the patient number, while the number following the tissue name indicates whether more than one sample was analyzed from the same tissue.
The number in parenthesis denotes if the same sample was applied to two different LNA arrays. N denotes normal tissue samples. b Supervised hierarchical clustering with the significantly differentially-expressed miRNAs (p \ 0.1) between each tumor location. Overall, brain and liver metastasis could be separated from lymph node metastasis and breast tumors Expression of miR-200b, miR-141, miR-9, and miR-219-5p were further analyzed in the primary breast tumors and corresponding distant metastases for 12 of the 14 patients using real-time PCR. miR-200b was found to be more highly expressed in the metastasis versus the primary tumor in 8 of 12 patients, and 6 of these reached significance (p \ 0.05) (Fig. 2b) . miR-141 was also more highly expressed in the metastasis versus the primary tumor in 9 of 12 patients, and 3 of these reached significance (p \ 0.05) (Fig. 2b ). Ten out of 12 patients had higher expression of miR-9 in the metastasis compared to the primary tumor, and 8 of these reached significance (p \ 0.05) ( Fig. 2b) and finally, 11 of 12 patients had higher miR-219-5p expression in the metastasis versus the primary tumor and 10 of these reached significance (p \ 0.05) ( Fig. 2b ).
E-cadherin and ZEB1 expression in primary breast cancer versus corresponding distant metastasis analyzed by immunohistochemistry
Since we found that the miR-200 family and miR-9 were more highly expressed in the metastasis versus primary tumors, combined with the fact that the miR-200 family is known to inhibit the E-cadherin transcriptional repressors ZEB1 and ZEB2 leading to up-regulation of E-cadherin [15, 16, 19, 30] , while miR-9 reportedly inhibits E-cadherin expression [21] , we examined the protein expression of E-cadherin and ZEB1 in the primary breast tumors and distant metastases in 12 of the 14 included patients using immunohistochemistry. All samples showed high E-cadherin expression and stronger or equal staining intensity of E-Cadherin was observed in all but one of the metastasis when compared to the corresponding primary breast tumors ( Fig. 3d and Supplementary Table S2 ) likely as a result of diminished repression by members of the miR-200 family, while miR-9 seemed to have a lesser impact on E-cadherin expression. The single patient (patient 7) with lower E-cadherin expression intensity in the metastasis compared to the primary tumor was the same patient that had an ERprimary tumor and in whom the miRNA profiles were significantly different than the remaining patients in the microarray analysis. ZEB1 expression was also examined; however, none of the cancer cells in the sections of the primary breast cancers or metastases exhibited ZEB1 staining, likely due to very low expression levels of ZEB1 in these cells as a result of high E-cadherin expression. ZEB1 staining was seen in some of the stroma cells of the same tissue sections, indicating that the staining procedure was successful.
miR-9 and miR-200b exhibit higher expression in cancer cells of distant metastasis versus corresponding primary breast tumors as determined by in situ hybridization
To determine the cell types within the primary breast cancers and corresponding metastases that expressed miR-9 and miR-200b, these tissues from 9 of the 14 patients were analyzed by in situ hybridization (Table 3 ). miR-200b was found to be expressed in cancer cells of the distant metastases and not, or to a lesser extent, in cancer cells of the corresponding primary breast tumor in 5 of 9 patients ( Table 3 and Fig. 3a) , consistent with the higher expression of miR-200b observed in the metastases versus primary breast cancers found in the miRNA microarray analyses. In addition, for 3 patients, 100% of the cancer cells in both the primary breast tumor and the corresponding metastases expressed miR-200b. The staining for miR-200b was primarily seen in the cytoplasm of the cancer cells, as clearly visualized in the color segmentation images (Fig. 3a , right two columns). In the colon tissue used as positive control tissue for miR-200b, the staining for miR-200b was observed in a subpopulation of epithelial cells in the normal colon mucosa (Fig. 3c ). miR-9 expression was observed in cancer cells from 4 patients, and in all of these, expression was higher or was exclusively seen in the metastatic cells ( Table 3 , Fig. 3b ). Interestingly, the staining for miR-9 was primarily seen in the nucleus of the cancer cells, and only to a lesser extent in the cytoplasm, as clearly visualized in the color segmentation images (Fig. 3b, right two columns) . Nuclear miR-9 staining was also observed in the normal cerebellum used as positive control tissue for miR-9 (Fig. 3c ). The staining was mostly observed in granule cells located in the molecular layer of the cerebellar cortex in close proximity to the granular layer ( Fig. 3c ).
Discussion
The dissemination of cancer cells from the primary cancer to form metastasis at distant sites is a multistep process that has not yet been fully elucidated. To identify miRNAs involved in the development of distant metastases, global miRNA profiling was performed on primary tumors, corresponding local lymph node metastases and distant metastases on a panel of patients.
The unsupervised hierarchical clustering of the tumor samples based on their global miRNA expression profiles lead to identification of two distinct patients groups, one in which the primary tumors and corresponding distant metastasis of a given patient clustered close together, and another in which primary tumors from multiple patients Fig. 3 Comparison of miR-200b, miR-9, and E-cadherin expression in primary breast cancers versus corresponding distant metastases reveal higher expression in the metastases. In situ hybridization of miR-200b (a) and miR-9 (b) in primary breast tumor and corresponding metastasis (patient 12 and 16, respectively). Left two columns the original color image (Blue stain in situ hybridization signal, red stain nuclear red counterstain, and purple stain in situ hybridization signal located over nuclear red stain). Right two columns are identical to the left two columns, but the images have undergone color segmentation for clearer visualization (White stain in situ hybridization signal, red stain nucleus, and black stain background structures). Scrambled miRs were used as negative controls. c Normal colon epithelia and normal cerebellum was used as positive control tissue for miR-200b and miR-9 staining, respectively. Arrows indicate some of the positively-stained cells. Magnification (ac) 940, scale bar = 100 lm. d E-cadherin expression in primary breast tumor and corresponding distant metastasis of two representative patients (patient 3 and 10). Magnification x40 generally clustered in a group distinct from that of the distant metastasis. To assure that the observed differences were not due to variations in the percentage of tumor tissue in the analyzed samples, we carefully measured the tumor percentage in each sample. No such correlation between tumor % and clustering of primary tumors and metastasis was observed. In general, the tumor percentage was high in all samples (average 65%). These results indicate that larger differences between the patients than between the primary tumors and metastases exist in the former group. Importantly, these two patient groups could be distinguished with respect to time between diagnosis of the primary tumor and the distant metastasis. In the former patient group, the median time to relapse was only 1.6 years, while in the latter it was 11.3 years. This seems to indicate that in the patients in whom the metastasis was detected early, the metastases originated from the dominating subpopulation of the primary tumor, and these metastases have not, in the relatively short time span, developed very distinct features. In contrast, the patients in whom the distant metastasis was diagnosed late showed distinct differences between the primary tumor and corresponding distant metastasis, including miRNA alteration. The miRNA profiles of the local lymph node metastasis generally resembled those of the primary tumor, and since lymph node metastases generally were established at the same time as the diagnosis of the breast cancer, this is in line with our observation that metastases established early were very similar to the primary tumors. The similarity between the primary tumor and the corresponding metastasis has been an issue of intense debate, since it offers insight into how the metastases are established. If metastases are established through clonal selection, then only rare subpopulations in the primary tumor would have the ability to metastasize, meaning that primary tumors and metastases would exhibit very different molecular patterns [31] . On the other hand, global gene expression profiling analyses of primary tumors has revealed ''metastatic signatures'' expressed by the majority of the cancer cells in primary tumors, implying that the metastatic capacity of the primary tumor is acquired by mutations early during tumorigenesis [32, 33] . In this context, our results primarily indicate that primary tumors and metastases are very similar based on their miRNA expression profiles, but that alterations might occur in the distant metastasis due to mutations over time.
When examining the patient group as a whole, only a few miRNAs showed consistently altered expression between the primary tumor and the corresponding distant metastasis. Since the patient group was relatively heterogenous with respect to ER, PgR, and HER2 status, these potentially metastasis-related miRNAs should be general for invasive ductal breast carcinomas. The identified miRNAs included four of the five miR-200 family members and miR-9, all found to be significantly up-regulated in the distant metastasis versus the corresponding primary tumor. Interestingly, both the miR-200 family and miR-9 has been associated with EMT, a central process associated with metastasis formation. While several studies have shown that the miR-200 family induces up-regulation of E-cadherin and thereby inhibits EMT [15, 16, 19, 30] , a recent study by Ma et al. [21] showed that miR-9 has the opposite effect, increasing breast cancer cell motility and invasiveness in vitro and metastasis formation in mice by inhibition of E-cadherin expression. This is quite interesting in relation to our results since we generally found higher expression of E-cadherin in the metastases versus primary tumors, although both miR-9 and the miR-200 family were expressed at higher levels in the metastases compared to primary tumors. This may indicate that the E-cadherin level is primarily influenced by miR-200 in the snapshot from which our samples were obtained, but it does not rule out very important functions of miR-9 on the intermediate stages of this process. Further, it illustrates the complex regulation of miRNAs and the difficulties in examining a dynamic process such as EMT/MET using clinical specimens. The higher level of E-cadherin in the metastases versus primary tumors supports the hypothesis that a MET transition occurs during the establishment of the distant metastasis. These results are in agreement with the study by Kowalski et al. [34] that also found higher E-cadherin expression in metastases versus primary breast tumors of ductal carcinomas. Other studies have reported association between loss of E-cadherin and different prognostic markers such as ER-negative [35] or lymph node-positive breast cancers [36] , but in our study such an association was not observed, as high expression of E-cadherin was seen in both the ER-negative and in the lymph node positive samples. The two studies by Kowalski et al. [34] and Younis et al. [36] did not either find an association between the E-cadherin expression and the ER, PgR, or HER2 status. The fact that miR-9 primarily is seen in the nuclei of both normal cerebellum and metastatic cancer cells is also interesting and is most likely important for the function of this miRNA. Even though miRNAs are usually localized in the cytoplasm other studies have reported specific miRNAs primarily expressed in the nucleus, for example miR-29b [37] and miR-219-5p [38] . Interestingly, the latter was one of the miRNAs that we found to be higher expressed in the metastases than in the primary tumors. These results could imply that the nuclear miRNAs may regulate transcription instead of the ascribed canonical translational regulatory function.
Since miR-9 and miR-219-5p previously have been reported to be selectively expressed in the brain [39] [40] [41] [42] , and since we also found higher expression in the brain metastases and normal adjacent brain tissue compared to the liver metastases in our microarray study, it was important for us to investigate whether the observed increased expression of miR-9 and miR-219-5p in the metastasis were actually due to cancer cell expression or expression in adjacent normal brain tissue. In situ hybridization confirmed that both miR-9 and miR-200b were expressed in cancer cells and furthermore, generally verified higher expression of miR-9 and miR-200b in the cancer cells within the distant metastasis compared to those within the primary tumors (Fig. 3 ). This indicates that these miRNAs not only play a role in a specific tissue, but also in the metastastic process. It should be noted that miRNA in situ hybridization is a new technique and the results must be interpreted with some caution due to weak background staining of some of the negative controls.
Collectively, these results show that the miR-200 family and miR-9 might play important roles in the colonization of distant breast cancer metastases, and underscores the need for further investigation of whether, and how, cellular localization of the miRNA affects its function.
